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DOWNHOLE EQUIPMENT. TOOLS AND 
ASSEMBLY PROCEDURES FOR THE 
DRILLING, TIE-EN AND COMPLETION OF 
VERTICAL CASED OIL HELLS 
CONNECTED TO LINER-EQUIPPED 
MULTIPLE DRAENHOLES 

FIELD OF THE INVENTION 

Horizontal weUs have been used extensively in hs:eroge- , 
aeous reservoirs to intersect fracrures and/or :o reduce the 
detrimental effect of gas coring and waier coring. [•: has 
been shown tiac such weils are capable of higher oil 
production rarcs than vertical wells drilled in ;he same 
reservoir, in most cases, the higher productiviry more -Jm t 
onsets the higher cost of drilling and completion of the 
horizontal well. Theory predicts ±at the use of multiple 
horizontal drainholes correspondingly multiplies the tool 
well productivity. Indeed many vertical cased weUs con- 
nected to twin or multiple horizontal drainholes of medium 
(500-200 ft) and short (150-40 ft) radius of airvarurc have " 
been successfully used in compact oil reservoirs, such as the 
Austin Chalk, in which open hole completion of the drain- 
holes is applicable. 

In many clastic reservoirs, however, the strength of 25 
unconsolidated sands or of friable sandstones cay be insuf- 
ficient to keep horizontal drainholes open. In such a case, the 
horizontal and deviated parts of each drainhoie cause be kept 
open with a tubular liner which is tied to the vertical casing 
using conventional equipment and known assembly nroce- 30 
dures. This has been done in many different clastic 'reser- 
voirs, containing light or heavy oU, for horizons! wells 
consisting of a single liner-equipped drainhoie. 

A patented U.S. Pat. No. 4,787,465 drilling and comple- 
tion technique for multiple drainhoie* of ultra-short (ca. 10 35 
ft) radius of curvarure has also been used in such sandy 
reservoirs, but the liners of the short multiple drainholes are 
not tied- in to the vertical casing and their inner diameter and 
curvature radius art too small to allow Ac use of conven- 
tional logging and cleaning tools. 40 

SUMMARY OF THE INVENTION 

The present invention addresses the problem of drilling, 
cementation and tie-in by pressure-tight connections to a 4J 
casing of twin or multiple drainholes of medium to short 
radius of curvature (typically 500 ft to 40 ft) equipped with 
liners of sufficient diameter to allow the passage of available 
well logging, perforating, cementing and cleaning tools, for 
subsequent well maintenance and repairs. J0 

The next step is to provide the means to bring up the 
reservoir fluids and/or to inject fluids from the surface into 
the reservoir through the drainhoie liners. Depending upon 
the mode of exploitation of the well and field conditions, a 
great variety of tubing completion assemblies may be used 55 
for these purposes. The simplest, which allows only com- 
mingled flow from or into all drainholes simultaneously, 
does not even requires any additional equipment if vertical 
flow is through the casing, but it provides minimum opera- 
tional flexibility and no safety controls. For these reasons, 60 
additional equipment (at leas; a property sized production 
tubing or a kill string for safety, for instance, and often a' 
hanger or a packer) will be used in the field. Tne tubing 
completion assembly which provides the greatest opera- 
tional flexibility and safety is that which provides a direct 55 
connection of each drainhoie separably to a tubing, thus 
leaving the casing/tubing annulus available for other uses. 



Trli U is r.-x x — ^z'.tzzz ;^emb:y -zich is 
included - the present ir.ver.iic::. also provides means 
o: irr.rtiziiZ'izg in iii roe o: he:;roger.eoui re^r-drs ±i 
heavy oil recovery proems and the injected steam quality 

5 conservator, rrcceso described respectively in U.S. Pat. No. 
-i.7Cr5.75; ir.d L\3. ?r. No. 5,0Si JI75 using some o: the 
equipment c;scr.'>fC in U.S. Pat. No. 5.G52.-S2. T:e present 
invention, however, does net preclude the use of the already 
b.ow: simpler completion designs, wr-r.ever they ire 

;o nricct for -he ippii^ircz coci*d=-ri. Known Yemenis of 
dowrmoie equipment (valve nipple joir/j. safrry joir.-j. 
retrievable plugs. etc . . ) nay also be added, as needed. :o 
the novel tubing completion assembly :o perform spectrk 
additional tasks. 

^' So=: o: the reservoirs under consideration, especially 
those fy>r. 'jvr.;>. g heavy oil, require arudciai lift to rrring the 
production stream :o the surface. The preset:: mv-naon 
includes equipment providing Lh= means of pumping re- 
duced duids and cf mjecur.g sf r,^ — icd/ar other gases in 

:o such w=Us equipped wich multiple nrninholes completed 
with liners. Sir. 6 production being frequent Li such reser- 
voirs, the crninhoies may b< gravel panxed or equipped with 
screens or subjected to known sand corusoiicahoc tech- 
niques. 

15 The desired wcii and drair±o:es con d juration may be 
obtained cither with entirely new wtLis or by re -entry into an 
existing vtrJcaJ cased wcH, in which case tie required 
equipment and procedures arc somcwha; difcrcd 
h aJi cases ic is iruended to obtain leak-proof cotmecrions 

i0 between tic drainiole linen and tie vertical casing and 
between the drair-holt liners and the tubings used riier for 
oroducdon, injecnon ar.d pumping. Tae desirability of a 
sysucm which cor. be icsulled in as few sutps as possa'oit and 
which can' sasily be disassembled during future work-over 

3i opcrauocs has led :o develop dowrJiolc cqu:p-cn; and 
procedures, which comorm wii proven oil zzid sa:cry 
pracrices. 

Due to uhc conrpicx nacurc of oil re servo irs. es pec. oily 
^0 £osc made-up of ciasn'c rodes deposi:ed in agicaied ^z: 
CBuvio- Deltaic c^vonmcnu zhtdiCi'jz c^rrcacs or r^ar shore 
scdircezunon) or uhose res -Jung from eolien ranspor. 
(D'jr.es). the presence of various sedintent heterogeneities 
and fractures, together with ocher reservoir cngineenng 
i$ considerau'ons regarding water/oil and gas/oil contacts loca- 
uoos, reservoir rJuid pressure and sol u doc GOR of che 
produced oil. will dilate \-arious w-il ar.d drair.hole con- 
cgurations. 

.Aithough the most csqucnUy applicable is ihat of z+ia 
50 drainboles wyj their respective horlzonul sections oriented 
at ISO degrees from each other, the equipment, tools and 
procedures which will be described are not restricted to that 
single cooiguration. It will become apparent to those sJciied 
in the art that similar equipment and procedures may be 
55 adapted to all other multiple drainhole conn gura cons wi-- 
out departing from the spirit of this invention.. 

Rjanxed ir. increasing degrees of complexity, the cases of 
drilling, *ic-Ln and completion of aew w;Us include: 

1) side by side drainholes idciced-o*J nom the bouom of 
60 a vericai cased wdJ, using a twin whipsicck. 

2) side by side drainholci connected by in'^rmediaie 
liners to the bbnom of a vertical well, 

3) side by side crainhoies obtained from a de%-ia^d cased 

55 

j.) racked drainholes acied-o^ oae above the other from 
a new verncai cased wcU. Two (liferent ne-in methods and 
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£qu:pn;r/. types will be described, one ustzg telescopic line: 
stubs and telescopic connector rubes to tie-in and complete 
the well, Lie other using intermediate cemented liners and 
articulated cnnr.?c:nr rubes. 

5) use of a single pump for both drainholes, located above 5 
the kick-oif points, 

6) conveyance of !ow GOR production streams from each 
drainhole through a syphon to a single pump located near lie 
base of an oil sue? well below me kick-off points, 

7) pumping of each drainhore with a pump located a: or 
Dear the start of the horizontal segment, 

3) simultaneous injection of steam and'or gases into one 
drainhole while producing oil and water from the other 
drainhole, as taught in in U.S. Pat. Nos. 4,706.751 and in 
application No. 512,317, now U.S. Pat. No. 5,035,275. 

For re-entry into an existing vertical cased well, modified 
equipment and procedures will be described, corresponding 
to cases similar to cases 1, 2, 4, 6, 7 and 8 above. 
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BRIEF DESCRIPTION OF DRAWINGS 



FIG. 1 is a vertical cross section of the special casing joint 
with twin wbjpstocks used in Case 1. 

FIG. la is a perspective drawing showing the base of the ^5 
retrievable top whips tock or Case 1. 

FIG. lb is a vertical cross section showing the drainhole 
J' 5 tie-in to the casing. 

^ FIG. lc is a vertical cross section showing the cubing 

completion. 30 

^1 FIG. lid is a vertical cross section of an overshoe-type tool 

jUj: used in case 1. 

ihp FIG. 2 and 2a are vertical cross sections showing schc- 

> maiicaliy the successive phases of the operations required in 

f* p Case 2. 

W RG. 2b is a vertical cross section of the spherical seal 

s union joint used in Case 2 and in subsequent cases. 

Q FIG. 2c is a schematic vertical cross section of a hydrau- 

Lically operated tool for punching multiple slots into thin *o 
" " gauge liners. 

y RG. 2d is a schematic vertical cross secuon of the tubing 

=5p completion assembly used in Case 2. 

PJ FIG. 3 is a vertical cross secuon of a special casing joint 

equipped with a driilable packer and retrievable whipstock 
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for drilling and conroletion of the side-tracked hole of Case 
3. 

FIG. 3a is a vertical cross section of an intermediate liner. 

RG. 3b is a vertical cross section of the deviated cased 
well and side-tracked hole of Case 3. 

RG. 3c is a vertical cross-section of the overshot- type 
tool used in Case 3. 

RG. 4 is a vertical cross section showing the special 
casing joint with its stub extended and cemented in the 55 
reamed cavity of Case 4. 

RG. 4c is a vertical cross section showing connection to 
the stubs by means of articulated connector rubes. 

RG. 4b is a schematic flow diagram showing tiie con- 
nection to the stubs by means of telescopic connector rubes, 

RG. 4c and 4 d are vertical cross sections showing tele- 
scopic connector tubes respectively in the retracted and in 
the extended positions. 

RG. 4ff is a schematic vertical cross section showing the 55 
tubing completion assembly for two pairs of stacked drain- 
holes in Case 4. 
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r:u. 2? anc :c are schemadc v;rJ:ai craso secticr.s c; 
- and rwm- dniziolii, shewing dif:rer_: to sr."::- rump 
locations. 

FIG. 6 is a sz'zizuzc vertical cross section or 2 we i! arc 
: two drama cies, shewing -the vinous -aid levels [z ?he 
reservoir. 

FIG. 6c is 2 schematic diagram showizg the areradon of 
r.i periodic gis purging sys:;m. 
, a FIG. 6b is a cross secdoa of the sermselectiv; plug and 
venruri used for cocdnuous gii purging. 

FIG. 7 is a vertical cross scedoc of the cubing com plexor, 
assembly used for dual pumps in Case 7. 
FIG. S azd Sc are vertical cross secdons o: the rub Lag 
[S completion assembly used tor Case 3, with the w-[i de-in 
condguradoa of Case i. 

FIG. 9 and 9s are vertical cross secdons of the special 
casing insert of Case la and 3a respectively . 
^ FIG. 10 is a verdcai cross secdon of "he special casing 
pa:cb with :ciescop:c stubs used in Case 4a. 

FIG. 11 is a schematic verdcal cross section of the covet 
casing paich used for side-trzcJdng and cementing interme- 
diate Liners in case la (second crnhochmeat). 
2j FIG. 12 is a sehemadc vertical cross s ecu on of tie ru bin g 
ccmplcdon assembly including two ardculaied connec;or 
rubes for Case Sa when an oil sump is used. 
Q FIG. 13 is a schematic verdcal cross section of the upper 

ifl of the cubing cocapledoo assembly for "huff and puf" 
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steam injeoion of Cases 8 or 8c when dual pumps and a 4 
string hanger are used. 

DETAILED DESCRIPTION OF THE 

% INVENTION 
*=V 35 

CASE I fP*T\ r WHPSTOCK) 

^ in Case 1 a v-rdcal well is drilied to a depth slightly 

^ greater than that of ihc common kick-off depth of th'c 

yi o drzmholes. The casing string is made-up by including a 

ff* special joint immediacy above the convcr.donal casing 

5^ s-oc and float collar. This casing joint shown on FIG. I 

W includes ru-o eliipucal windows (1) machined ax the desired 

J~ "deJe-oST angle. typically about 2 degrees oriented downward 

45 rrotn die vertical. 

These windows are plugged up with a drillablc material 
?~ (an Aluminum plate (2), for instance) machined to conform 

wrth the cylindrical surfaces of the casing. A twin whipstodc 
(3), of hardened metal, is securely fastened to the casing 
" 50 jouu for instance by welding. Ic provides a curved guiding 
path from a guide plate above to each of the two plugged 
windows. ?or added strength, a portion of thai curved guide 
may be parJy rilled with cement (4) or other drillablc 
material. The guide pla:e (5), oa top of the whipstoclc. 
55 presents four vertical cylindrical holes, rwo of them (6) of a 
diameter larger than that of the drainholes and two of them 
smaller. One of the smaller holes (7) in the guide plate (5) 
'3 threaded and extends to the whipstoclc base, to provide a 
uow path to the doa: coliar and shoe below ic During 
50 ceaenacg operations, the work string will be stabbed into 
the threaded connection to inject the cement slurry into the 
float collar and shoe and from there into the anT»?i»r space 
bchiild the casing. The other small cylindrical hole has a 
smooth bom. Its runcdon is to receive one of the alignment 
65 pins (8) used to positions and latch a retrievable whipstoclc 
top which provides a continuation of the guiding Daih rxom 
one of the two large holes to the casing side. The combi- 



top provides a g'-uds to the crainhole drilling bit through the 
cachir.wi window. A perspective view or the retrievable top 
whip stock showing its two alignment pins (8) is presented 
en FIG. I— j 

When the drst drainhole has beer, drilled :o i:s total 
measured depth, ±z sane whipstock (cop arc bonom parts) 
guides the liner into the drainhole. The liner, in the hori- 
zontal part, may be a stoned Liner equipped with screens for 
grave; packing or it may be cemented and later selectively 10 
perforated. In aJl cases, however, the curved par. of the liner 
is cemented using known procedures. The tail end of the 
liner is centered and hung into the open large verical hole 
in the bottom whipstock (FIG. lb), by means of a known 
hydraulicaily-set hanger (9) equipped with dual sea of slips 15 
and pressure- setting seals. It is terrnnxrd by the female pan 
of a polished bore receptacle (10), which connects the liner 
to the work string used to run-in and cement the liner. When 
the cement has set, the work string is disconnected, a recess 
in the top whipstock is lathed into hooks in an overshot -° 
tool, pulled up and rotated by 180 degrees for presentation 
and insertion of. the two alignment pins (or prongs) respec- 
tively into each alternate small hole in the permanent 
whipstock. The overshot tool is then released and pulled out. 

Drilling of the cement and plug in the second window 15 
now begins the drilling and liner cementing operahons for 
the second drainhole, using the same procedures. With the 
liner hung and sealed in the second large vertical hole in the 
permanent whipstock, the work string is disconnected from 
the second polished bore receptacle. The top whipstock is 30 
latched with an overshot tool and pulled out of the well. This 
completes the drainholes drilling and tie-in operations. 

Completion of the well (see FIG. ic) is achieved by 
making up and running- in a tubing string consisting of dual ^ 
tubing prongs (11) equipped with chevron seals (12) and 
connected to :he lower ends of an inverted Y nipple joint 
(13). The chevron seals constitute the male mating parts of 
the two polished bore receptacles (10) previously installed. 
The upper branch of the inverted Y nipple joint (13) is ^ 
connected to a conventional tubing hanger (14) which may 
be set hydrauiicaily or by wireline. The tubing string (IS) is 
oriented so as to stab the tubing prongs into the female parts 
of the two polished bore receptacles. After leak-testing of the 
sealed connections, the tubing hanger is sec and the wellhead ^ 5 
is nippled up using conventional equipment and procedures. 

If the well is not naturally flawing, artificial lift equipment 
may also be included in the tubing string, such as gas lift 
valves, diverter valves, a pump seal nipple, ex. . . in Lie 
manner which is familiar to those skilled in the an of oil well 50 
-completion. 

CASE 2 (TWIN DEVIATED HOLES) 

Li Case 2, from a vertical cased well drilled and cemented 55 
by conventional techniques, the casing shoe is drilled out 
and two short (ca. 50 ft long) smalleT diameter twin deviated 
holes are drilled through the bottom of the vertical well. This 
uses, for instance, a bit (16) driven by a downhole motor 
(17) connected to a bent sub (18), in the type of downhole $0 
assembly commonly used for drilling horizontal wells (see 
FIG. 2). 

With deviation angles of only a few degrees from the 
vertical, the separation between the two holes is only of a 
few feet at the bottom and of a few inches at the top. 65 
Consequently, i: may be advantageous in some formations, 
to start the drilling operation by first under-reaming a single 
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s r^ J.i : --"' ^ * drairmoles — t ~~ r. j " i r r ^-d . -v.n 
cn:>:$i'~ crier.tatinni. Several other 2vii:2bi; lechrticues it: 

and may ee used :o 3chieve :he sane result. 

Two sear, (en. 60 ft iong) intermedial linen (19). (20) ^ire 
— •- 2r.c scaled oce in tich of the deviated coles. 12; 
cem entir.g o>n_dc2 uses rum or other bo&t heat-hard- 
er, cd rrsm/cement slurries as seal. !•: may be performed in 2 
sing:; rip by fixing- up and running -is 2; the cr.ti of the 
woric sring an assembly including, as shown in FIG. 2c; 

an inverted Y cubing nipple (13), 

r*o spherical seal arucuiaicd union joinis (21), 02c r 
each cad of the two branches of the. inverted Y ripple, 

■ wo Imrr releasing tools (22) equipped with a tail pipe, 
one for each intermedials liner string. Each tailpipe (23) is 
zzzd with a cup-type packer (24), which closes the annular 
space between Liner and tailpipe during cemen: injection and 
displacement behind the liner, bet opens during the reverse 
circulation of mud. for cleaning after the Liners have been 
released from '-heir respective inching toot. Tee cementing 
string wi:h its two tailpipes is then pulled oui 

FIG. lo shows in detail the spring- loaded spherical seal 
articulated join: (21). 

After is cementing operatioa. the vertical easing is thus 
ticd-in and scaled to each intermediate liner over an overlap 
interval of about 10 ft Entry to one of the liners is closed by 
a temporary piug set by wireline and drilling of a crainhole 
OTOCccds through the other intermedial liner, using a bit 
driven by a conventional dowoholc motor and bent rub 
assembly. 

After reaching total measured depth, a smaller diameter 
liner is rm-in, hung into the lower pan of the intermedial 
liner and cemented at least from the intermediate liner to the 
start of the horizontal segment of the drainhote. An alternate 
method is to use a coiled tubing as drill string and to abandon 
the bit and motor in the hole, prior to cementing it as a liner. 
Grave! packing and/or sand consolidation techniques may be 
used. The lower pan of the liner may be slotted and equipped 
with screens. Otherwise, this par. of the liner may be 
cemented and selectively performed using known perforat- 
ing guns. 

[n view of the relatively small diameter of the line: 
(typically less than 2o in.), a thin-gauged coiled cubing is 
preferred as liner. 

The annular space behind the liner may be gravel packed 
f.rst by displacement of a sand slurry, in direct circulation, 
followed by a reverse drailatioa of the sand slurry. Alter 
cementing the upper pan of the coiled tubing liner, its lower 
pan is mechanically slotted by running through it. on a 
smaller diameter coiled tubing, a hydraulically acmaied 
punching tool in which multiple articulated edge-curting 
wheels (25) 0: punches arc periodically pressed against the 
inner surface o:' T -he liner :o punch slots into the coiled cubing 
liner, thus opening flow pams to the gravel packed amulus. 
FIG. 2c shows a schematic view of the hydraulic punching 
tool. Sand consolidation by injection of a suitable thenno- 
senting resin as a mist in a hot gas or steam or as a suspension 
or foam in a liquid may then be applied to the gravel pack 
and cross-linked to stabilize it, with minimum permeability 
reduction. 

After removal of the temporary piug in the second inter- 
mediate liner, the same procedures are used to drill, gravel 
pack, cement, and selectively perioral the second drain- 
hole, thus completing all drilling and tie-in operations for 



Well completion is achieved by rr. ake-up, run-in and is: or* 
the production tubbg string assembly, shown, or. FIG. 2i. I: 
consists of a tubbg corrected :o: 

a conventional hanger (14), an Averted Yrippie job: (13) 3 
with each of its ;wo lower branches equipped with a spheri- 
cal seal union job: (21) and a connector tube (26) equipped, 
near its end, with a conventional packer (27) of the- type 
which can be set hvdraulicallv or bv wireline. 

The cubing is oriented so that the tail end of each 
connector tube penetrates into the upper pan of one of the 
cemented intermediate linen while rotatbg slightly around 
the articulation formed by its union jobt. A spreader spring, 
(2S) linked to the upper part of each articulated rube faciii- t$ 
tates it3 bsertion bto the corresponding drainiiole Uaer. 

Each of the packers is then set, to tie-b each articulated 
connector rube to its correspondbg btermediate liner. After 
leak-testing, the tubbg hanger is then set and the well bead 
nippied up. Again, suitable icnown artificial lift equipment * 0 
components may have been included in the tubbg string, if 
it is expected that the weil will not be flowing at an economic 
rate without gas-lift or pumping. 

CASE 3 (DEVIATED CASED WELL) 23 

[n Case 3, a vertical well is drilled, with its lower 50 ft 
deviated at the angle required to kick-otT a horizontal 
drainhole and oriented in the direction selected for the 
drainhoics. A special casing suing is made-up, run-b and 3Q 
cemented by known techniques into the vertical and devi- 
ated portions of the hole. It cccsits of a shoe, a float collar 
and a special casing joint (FIG. 3) located at a depth slightly 
above that of the start of the hole deviation. This casbg jobt 
presents an elliptical window machbed bio the casing with 3J 
a downward orientation of a few degrees from the vertical. 
Tne window (1) is again piugged oil with a drillable plate (2) 
made, for bstance. of a soft metal and shaped to generally 
conform with the casbg surfaces. The plug is dnrJy 
anached to the casing by means of drillable fasteners (29). 
Its orientation is also bdicaied by a vertical drillable key or 
groove (30) in the casbg joint inner surface at or near its 
lower end. 

After displacbg the cement slurry behind the casing, the 
string is rotated to orient the plugged window in the direc- i5 
tion opposite to that of the deviated portion of the hole. This 
is done by martdng the window direction on all the uphole 
joints of the casbg, up to the rig floor. After the cement has 
set, a whipstock drillable packer (31) is run-in and set below 
the special casbg joint at a predetermined depth. A retriev- 50 
able whipstock (32) is then oriented towards the plugged 
window, usbg the casbg jobt's orientation key or groove, 
fitted in a matching groove or key b the whipstock' s outer 
cylindrical surface. The oriented whipstock presents a 
curved guidbg surface which matches the depth, width and 55 
orientation of the window, so that a side-cracked hole (33) of 
diameter smaller than the casbg ID may be kicked-o5' by 
drilling the window plug. The hollowed curve of the whip- 
stock also presents a central alignment groove (34) corre- 
spondbg to the lowest pobt of the elliptical window (1). 60 
The base of the whipstock is preferably equipped with a 
rubber cup for catching excess cement during later opera- 
tions. 

After drillbg out the plug and driUbg a side-tracked hole 
through the window, to a depth of about 60 ft, an bterme- 65 
diatc liner is run-b through the window and cemented by 
known techniques. Tne upper end of the liner has been 



s 

machined 25 sho*T. cr. r:G. so ii '.3 =o rib rm -*-ith me 
irr.er edge of the v-.cow (1) and its ed>i is equipped with 
eiiiocicai coui: (35) made 3: criiahle rr.c^l. which 
corjorms with -h; — - : surface of casing x 

5 cow's edge. The outer surface of the collar is covered with 
a rubber gasket or c>ast:c seaimg materai (36) and the 
lowest par. of :h: collar presents a key (37) wricd ma:ches 
the cearai alignment groove (34) m the retrievable whi> 
stcck. so that the ut:crmediate liar: end may be oriented ltd 
guided :o oroide a closely hrrms contact between jhi 
criiabie elliptical collar and lis casing window's edge, ice 
m:crmedia:e liner is equipped with a cementing shoe and 
!a:cned to a liner releasing cool equipped with a taupipc and 
2 cup-type packer for cementing by the same technique as ua 

:5 Case 2' After displacement 0: the cemer.: slurry behind the 
liner, a ball or plug is dropped 10 close lie shoe and casing 
mud press-are is increased to hrmly apply the driuable collar 
against the iruier surface of the casing, while reverse rrcu- 
ladon is established through the tailpipe to remove any 

:t excess cemeut 

Anrr the cement has sec and the cementing string tas been 
culled out, the outer saw-tooth grooves (33) of the wru'p- 
s:ock are latched into an overshot tool equipped with a 
milling edge to drill out the ei up ties! collar (35) and the 

'-5 **hipstock is pulled out. The suppcrdng whipsiccx packer 
(31) is also drllcd out and pulled out with the overshot 
railing too!, which also is equipped at its lower end with a 
suitable oacker- latching device.' Taese operates leave full 
openings in both the deviated casing ar.d the side -racked 

30 mtermecnate liner. 3oth of them provide a relatively large 
deviated casing ar.d a slightly smaller Liner to be used as the 
respective staring points of two drainholes, in the same way 
as in Case 2, but the draicholc diameters and that of their 
respecrivc liners may be greater then that of Cases 1 or 2. 

35 -Liner gravel pademg. cementadon and liner hanging 
respectively in the deviated casing and in the side-racked 
termed: ate liner may be done either as in Case 1 or as in 
Case 2, depending upon the crainhole diameter. 

Weil completion is done as in Case 2. except that the tie-in 

40 c: the arhculaced connector rubes may be obtained either 
with packers, as in Case 2 or with polished bore receptacles, 
and seals as in Case 1. 



-5 CASE 4 (STACKED DRAINHOLES) 

In Case 4 the araxr-holes are stacked, one above the other, 
so that the full diameter of the casing is available as a 
starting point for each drainhole. Here again, a special 

50 casing joint (or joints) now presenting two elliptical win- 
dows at two diSsrent depths and oriented with opposite 
bearings, is included in the casing string during make-up to 
provide the starting points of the drainholes. 
In a nrst embodimcn: (FIG. 4), the criilable plugs closing 

55 the windows during run-in arc located at the ends of tele- 
scooic liner stubs (39) oriented downward a: the kick-on 
angle (woically 2 degrees). Each plugged stub is later 
hydraulically extended into an under-reamed portion (40) of 
•ii verical hole filled with cement slurry during the casing 

do cementadon, to serve as guide for 2 bit driven by a dowmhole 
motor concerted to a bent sub in a conventional drilling 
assembly. Each of these two stubs is supported during run-in 
and guided during its outwards extension by two tubular 
guides or cages made of drill able metal. One 0: them (41) is 

55 ixed, it is attached to the casing by criilable metal fasteners. 
Tee other (42) is mobile and slides w-min the uxed cage (41) 
over only half of the stub extension, while providing a 



car.uievercd sliling internal support to the ev.cndsc stub. 
The upper er.d of tie s?ub is terminated by 2 druiabie coiiar 
(35) and gasjtr. (37) as ir. Case 3. 

For 7 in. OD liner saibs at a 2 degree angle in a 9Vj in. OD 
casing the cllipticaJ casing window wouid be 200.6 ir.. by 7 5 
in. For 2 30 in ED reamed cavity, the total 3 rub extension 
length is about 2S6.6 in. and the stub rnajircura iczgu is 
about 437.2 in. This is because both ends of the srub are 
machined r .o conform with the elliptical window, leaving in 
the middle a length of about 86 in. of tubular segment. This [0 
length Is sufficient to provide tie-in both with the cemected 
drainhole liner and also with 2 connector rube linked to :he 
tubing. With the vertical casing and extended stubs 
cemented, drilling of the extension guides and other inter- 
nals leaves two 7 in. OD stubs as pockets from which to start ( 5 
drilling the drainholes, using the usual bent sub and down- 
hole motor assembly including the navigation systsa tor 
angle build up and directorial control. The first step is to 
drill out the stub's end plug. After reaching total measured 
depth, a liner assembly is made-up and run-in through the , Q 
stub. Gravel packing and cementing of the up hole iiner 
proceed as in Case 1. The upper end of the liner is centered 
and hung into Lie lower par: of the stub. It is also terminated 
by the female part of a polished bore receptacle. The work 
string is disconnected from the polished bore receptacle and ^ 
pulled oul The same operations are repeated for the second 
drainhole, leaving the well ready for tubing completion. 

The tubing completion assembly, shown on FIG. 4a again 
includes a cubing hanger (14), an inverted Y nipple joint 
(13), two spherical seal union joints (21), each terminated by 3 q 
a connector rube stinger equipped with chevron seals (12). 
A bow spring (28) between the two stingers facilitaies their 
entry into Lie stubs where they arc mated with their respec- 
tive polished bore receptacle (10). After leak testing of the 
connections, the tubing hanger is set and the well head 35 
nippled up, as in Case 3. The bow spring may be compressed 
during run-in and released by a suitable wireline tool when 
reaching the proper insertion depth for the connector rubes. 
This provision is especially useful when simultaneously 
connecting more than two connector tubes. In another 
embodiment, shown on FIG. 46. connection of mc tubing to 
the drainholes is by means of telescopic connector tubes 

(43) . These are located in cylindrical cavities (44), con- 
nected to the two vertical lower branches of the inverted Y 
nipple joint (13) a: the kick-off angle. The lower end of each 45 
connector rube (43) is equipped with chevron seals (12), 
supplemented in some cases by an end to end spherical 
metal/metal seal (45). A spring (47) triggered from the 
surface by hydraulic or wireline means strongly applies the 
extended connector tube's spherical end against a cone- 30 
sponding spherical cavity forming the bottom of the pol- 
ished bore receptacle (10) to provide this meal/metal seal. 

In FIG. 4c, the connector tube is locked into its extended 
position, but may be retracted inside the cylinder body by 
shearing off the latch pins (46) with a wireline tool as shown 3 $ 
in FIG. 4<f, when it is necessary to disconnect and pull out 
the tubing for a well work-over. The upper end of the body 

(44) is equipped with dogs which bite into the inner surface 
of the casing when the telescopic connector rube is fully 
extended and pressed against the bottom of the polished bore 50 
receptacle. It will be apparent to those skilled in the art that 
this is only one of many possible ways of achieving both a 
spring-loaded metal/metal seal and anchoring in the 
extended position of the telescopic tube while providing 
means for its eventual retraction and pull oul The invention g 3 
is not limited to the example described herein. 

Li yet another embodiment, the casing includes two 
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social jcmis o: \zt r-7< used in Case 3. icca:ed zzt abov- 
~- ether, separated by 12 interval su±:ier.t for setd~ i 
packer the >o plugged -~cc^> oriented ir. oc:or.:; 
direcdocs. Again, is ir. Cisc 3, a zriiiaric wrJostcck oar-kcr 
5 is set below 0-; of me windows. Tbe retrievable whipstock 
is !a:ch;c m:o the packer arc drying of the window rvd 
5idc-c-3cx=d hoi; proceeds. A snort cdai: !~er. is in 
Case 3, ii run-in through -he window and cemented T-e 
procedure, repeated for bom windows, leaves ;w 0 side" 
1-3 ^eked intermedia^ ii-rs fro- which the drainhoies are 
. ^ tzir liners are hung and cemcnicd. Are: drilling 
out the d-iiabi: ;ii:pccai cellar of each cemented incerme^ 
dtace liner, the zz'zst casing space is 2 viable for ^stalling 
the tubing compiedon assembly. 
15 The previous embodiments which leave fuli access to the 
stacked cL^airiioIes also aiJow co drill, gravcl-pack, and tie-ir. 
any number of d^r_ho!es. ecuipped with cemented liners, 
one above the other, by using ii rrany stubs or intermedia^ 
iiners as there are drainhoies. 

Tr.e corruniagied produedcr. from ail drainhoies may be 
discharged into an oil sump ferried by the casing below a 
production packer and pulped ;o the surface trough a 
single produccoa Tubing. The pump locahon in the tubing 
-ay be above ice paci;r, or below ic - 1 uUpivc tubing 
extension. With such a simple aibuig compicdoa assembly' 
the access into each of the drainholcs of logging or d caning 
tools is obtained by means of a suitable kick-over cool of 
giowti design. 

30 * Tie cubing completion assembly nay also be the same as 
m Cases 2 and 3. which provide a continuous path rotr. the 
surface to each of two rwin crainholcs. and greater opera- 
"i rtr* "\ 1 2c*cbiiirv. 

The rypes of ruouzg ccmpieaoa assemblies including 
35 telescopic connector rubes or articulated connector tubes, 
described above for two stacked drainhoies. are aiso appli- 
cable to mere than two sacked drairthoies. If the drairtboles 
are grouped by pairs, collected :o a single pnxiucaca 
cubing, tbe number of paraUei tubes in the casing ac any 
iO depth is reduced to ody three, as sbown on RC. 4<r. These 
arc: 

Lbe two rubings coanccLed to ie iow- branches of Lte 
inverted Y nipple joint (13). for a given pair of drainhoies. 

uhe procucn'on rubiag extension leading to the other 
^5 draiahole pairs below the first ore. 

This number may be mcrcascd to rnur if ihc hydraulic or 
jet pump is locked below the ;op pair of drainhoies and i: 
— e rubing carrying ;he power rluid to the pump is parallel 
with the production cubing, but the number of possible 
sacked cramholes, which is only limited by the casing 
length, may be muih greater. 



CASE 5 (ARTIFlCIAL LIFT) 

55 In ail previous cases, it was assumed tha: reservoir 
pressure and produced gas expansion are suifcient to con- 
%xy the produccon smeam to the surrace, or ac least up the 
curved poraon of each drainhole (up to 500 f. high) without 
excessive reduction of the total pressure draw down, so that 

60 a single ardndal lift system providing sucnon at ihc base of 
the production tubing can be used for both drainhoies. This 
■ may be a cocvenhocal gas-lift valve supplied wiu com- 
pressed gas through the casing/mbing anriuius. Conversely, 
the produccion stream may be conveyed to the surface 

65 through the annuius while lift gas is supplied through the 
tubing, in that even:, a packer must be added *jd me rabing 
hanger, a di verter valve must be included in iae rubing above 
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-e oacke: :o convey the production stream to the 

audi slug must be located in is tubing tne cper. 

civer.fi': valve and the bottom gas-lift valve. 

SirniiarW, the commingled production stream from both 
drainholes may be pumped to the surface trough the ucir.g 
or through the armulus using known types at pumps, issse 
can be mechanically actuated by sucking rods, by routing 
rods Progressive cavity pumps) or they can be ac?jatea 
hvdrauiicallv. Jet oumps say also be used as well as 
-i-ctrcallv driven submersible pumps. Pump selecuoa crv 
— tine isoonance of an optimum depth 01 me pump 
•: n well are wcit known from those sidled m the an. ip.s 
purro may be anchored either in the tubing or m tne anculus. 
depending uoon reservoir and well conditions, mclud-g se 
need to handle gas or sand production. 
' It is one of the main advantages of connecting wo or 
more tiramholes to a single vesical well :o adow tr.e 
aossibi'ty of using a single oump (49) as in FIG. sa tor ail 
tine drainholes. thus reducing capital and opening costs ot 
r.g the production stream.. 



It will be shown later that this possibility is, however, 
limited in the case of some under-pressured reservoirs. V>eti 
commeuon equipment and novel assembly procedures have 

developed to extend the cossibilicy of using a smgie ^ 
17^0 bv locating it, as in FIG. 5*. below the drainholes 
idek^oc'pomts. Finally, special equipment and methods are 
described for the installation and use of a pump m eacn 
drainhoie. if necessary, as in FIG. 5c. 

Tncse considerations on artincial lift are equally appii- 30 
coble to new wells ar.d to the re-entry into an existing casing, 
to vertical as well as to deviated cased wcils.- 

CASE 6 (FLOW THROUGH A SYPHON") ^ 

In under-pressured reservoirs contacting low GOR oil 
^ervoir energy may be insuScieni to convey the produc- 
tion stream uo to a oumo or gas lift valve located above the 
kick-off ooicts of the drainholes. The dis crence :n clevanoa 
s-rween'such a oumo and the fluids entry points m the -o 
horizontal oar. of the drainholes is greater than ^ <imm- 
holes radius of curvature, which may be up to 300 tL la 
addition, there are sisnincact friction pressure drops througa 
the horizontal and curved portions of small -diameter Imers. 
which'may reduce the calculated net flowing fluid head at .$ 
the oumo (49) inlet to a value below the required mirumum 
NTSH of the oumo. This indicates that cavitation is likely to 
occur in the oumo. with highly detrimental erosion esecu 
and a reduced flowrate. To alleviate this problem, flow com 
- each drainhoie may be directed to an oil sump (50), with the 50 
oumo taking suction at or near the bottom of the sump. The 
top of the sump is closed by a packer (51) a short distance 
above the highest kick-orl point. It constitutes the apex or a 
kind of svobon (see FIG. 6) for each drainhoie. For very low 
GOR oil. frequently present in under-pressured mature res- 53 
ervoirs. the flowing oressurc at that point may soil be well 
above the bubble ooint of the production stream, so that tr.e 
rsk of cavitacion'and break-up of the de-celeraung Uquid 
stream at that ooint is much less than it would be m a pump 
at the same location. The flowing pressure at tne apex, plus 60 
the liquid head in the sump, provide a pump sucuon pressure 
exceeding the minimum N?SH required, thus eiiminaang 
the risk of cavitation in the bottom pump. 

Instead of a oumo. an inarnrinem flow gas lift system 
-ay also be used for the same purpose. In this known 
svstem, a gas oiston lifts an oil slug up the tubing aner -e 
sending valve at the bor.om has closed. This is equivalent 
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to i ':<!.- rump, but more te'.erart; 0: iir.b rrccuc^c-. 



11c ar_.uag ar.a ae-m ecuipme-t 2ad procedures ire Lie 
sarae 2s in Cases 1. :. ir.z e.vrert Lb 2: a sumo Ls arCib 
ir.d cajed vzrizsL; the lowest kick-of roir.s. 1: 

5 Cases I izi -1. 1:1: sump -ay be created bv oiarmg the 
speriai casm g jcuv. we!; above 1-.- easicg shoe.' 

"or the Case 1 cormguratior:. Lie casmg ; cmt show- 
pri-.iouiiy 0- 5IG. I is modifed 15 follows: 

!) Tae threaded smai! hole (7) r. bottom rw-ir. wbit:- 
:3 stock 0: Case I is exteobed k!o* with 2 touipipe which is 
-sed rirs: :o brr.g the cemer.t slurry to :he shoe, burr* 
nsmg cemer:2t:oo. T:e bottom par. of Lhe tail pip; ziso 
utcludcs 2 purap iatchiag aippie joint. 
The Lhreaded smai- hole is aiso exteadec above *;-h - ; 
,J fimaie par. 0: 2 polished bore recepLicic '.0 liter receive 2 
rubing stinger ecuippec whtb cbevroa seais. so is 10 extend 
Lhe taiipipo upwards by 2 procurer, tubing through 2 
seaiicg corj:ec^oc. 

:: 2) Toe smooth bore secocd smaii hole is drilled through 
Lhe bottom whips :o provide 2 fow pad?. :br the pr> 
cuced rtuids into the oil rump below iz U may be suo:\e- 
mcmed with other snail holes :o provide 2 surZrirc^y iirge 
-oss sector, for Lhe low veicriry liquid .low - uhc cow-. 
^ wi.-d ieg 0: Lbe syphca. 

The polished bore rrrrpcacies LrrruruiLirig Lbe cemented 
^ diinhole Liters may be osr.^, be large vertical holes 

O prodding 2 oorjrzl guide for iteming logging or clearing 

m 



tocis icto Lhe boers. 



fih 30 m addibco. Lhe rubing como'edoa assembly is modiacd :o 

M _ r a 

SI ' i- short s—g. The rr.air' purpose ot Lhai sL-iag is :o 



cordis: of: 
2) 2 production rubir.g. 

b) 2 ducj srucg pro duct: 00 packer, u-iuh a recr'evabie plug 



Lj; pro-.hde tvertruai access ;o tie sur.p for ioserung logging or 

j \ - during toois ui:o Lhc drairuhoies bciow Lhe packer. A 

^ seccr.dary purpose of uhe sr.or srir.g is :o provhee 2 pu.-p 

s oy-piss iow pa'r. wi-uch rnay be periodically opcucd 'io ic: 

p , 0 gii accucuiaiiori briow Lb= pacJcer escape upwards by 



buoyar.cy. whiie r:-nliir.g ihc su-p a-iOi de-gassed Liquid 
^ i-om above che packer :o 3 air. La: a coadauity of 's.z Liquid 

O s re am dvough L-.e svphor.. Periodic gas pergzag oprraiior^ 

±1 =ay be 2u:onauaaiiy coatroiled from uhe surface. For trui: 

purpose, Lhe re^ievabte o!ug in L-.e shor, SLnag Ls in :2c; 2 
7^ ^ conver.uooai whreiiae rechcvable rabsunacc sai'ery \*aJ vt 

N 1 (FIG. 6c), ir. a r.crraaily closed posiaon but op<rraLtd by 

•vt.owt; hydraidic or eiecriaal tneaiis whenever tde oreser.ee 
of a s=all gas cap is delected below pac<e:. Detccboc 
: mcaiis caay be direct, usuag know^i liquid level senson or 
indirect by coauauous monitoring of ihc pump cncier.cy. 
Ccr.±iuo'Js gas purging =ay otheru-ise be obtained by usuag 
a wireime plug iacluciag a permseiec^ve memo rare (52). 
which allows cor.anuous dirrusiorai gas migraaon upwards, 
ur.der a gas pressure gramer.: across Cie membraae. created 
by 2 re-urievable vcr.ruri (53). loca^d at the exit of Lbe 
production ajbir.g m;o Lae larger cross seed or. of Lhe casmg 
arr/aiar space. The membrarc also prevecs liquid dow 
dow-wards (see FIG. 6b). b ibis sysiem. Lbc cacrgy sup- 
plied 10 Lbc pump serves Lhrce purposes: 

1) to bririg the gas -free liq uid stream rrom uhe pump to a 
point above -mc packer, acd 

2) to operate a son of gas ejector pump to re -mix Lhe 
produced gas wIlt Lbe liquid stream in Lhe casing/cubing 

55 a-nuius. above the packer. 

3) to lift Lhe rruxed liquid aad gas SLream up the casing/ 
rubirg arm ui us ;o Lbe separaior. 



55 



50 



13 

Suitable pcrmseicciivc plug rnaierials include, bu: re 
:™:ed :o: charcoai. agglomerated carbon btack. com- 
pressed powdered czir.eral adsorbent, asbestos file etc. . . 

The long SL-rr.g, in the dual stri-g packer, extends below 
ihe packer with a stinger equipped with chevron seals which - 
is slabbed in:o the polished bore receptacle threaded into the 
cop of r.s small hole (7) of the modified novel casing joint, 
thus providing a connection from the production tubing :o 
the tailpipe, in which a pump is set. 

A rod string or a power fluid rub in g string is then insened *° 
from the surface within the production tubing and connected 
:o the pump. 

In this configuration, the Sow from both drainholes is 
discharged into the sump below the packer and flows dowr.- . 
wards through one or several holes in the whips toe k, to 
reach the pump iniet at the bouom of the tailpipe, to be 
discharged, at a higher pressure, into the production tubing 
and from it to the casing annuius luting to the surface. 

In cases where the cased well effluent Sows into a very :o 
low pressure separator, the packer may be ornirted if the 
production cubing extends to the surface, so thai any gas 
coming out of solution at the apex of the syphon freely 
accumuia^s in the casing/tubing annuJus, forming a low 
pressure gas cap extending up to the casing head. Gas 15 
purging of the casing to maintain the gas cap at the required 
low pressure is then accomplished through a conventional 
gas re -mixing valve ai the surface, upstream of the low 
pressure separator inlet. 

In the confguration of Case 2, after drilling and tie-in 0: 30 
the rwin drainholes, a third hole is drilled vertically and its 
liner is cemented to provide the oil sump. Tae cubing 
completion assembly now consists only of a production 
cubing, a dual string packer with its short string again closed 
with a retrievable gas-purging plug and the production 35 
cubing and pump extending below the packer for insertion 
into the sump. 

In the configuration of Case 4, the casing now extends 
below the special joint (or joints) to form the oil sump. Th- 
rubing completion assembly is the same as above: a pro- 10 
duction tubing, a dual string packer with its short string 
temporarily plugged off and the production tubing extending 
below the packer, with a bottom pump. 

CASE 7 (DUAL PUMPING) 45 

In low pressure reservoirs containing relatively high GOR 
oil, the risk of cavitation at the apex of the syphon may be 
too great, so that the use of a syphon is no longer possible. 
-In some very heterogeneous reservoirs, it is also possible 50 
that the productivity indices of the two drainhoies are widely 
different. In those cases, it is preferable to equip each 
drainhole with its own pump sized to maximize total oil 
production. The same is true if one of the drainholes is more 
prone to gas coning or water coning than the other. 55 

Progressive cavity pumps driven by rotating rods and 
hydraulic or jet pumps driven by power fluid operate satis- 
factorily in highly deviated wells. A pump anchor nipple 
joint is included in the liner string, at the selected depth in 
the curved portion of each arainhole. The production tuning 60 
diameter must be increased to provide space inside it for the 
power fiuid tubing strings or for the rotating rod srings. 
Another alternative is to insert the power fluid tubing or the 
rotating rod string into the drainhole liner through a side 
entry in each of the lower branches of the inverted Y nipple 65 
joint. In thai, case (see FIG. 7), a short conduit (54) leads 
son the top of the rubing hanger (or packer) to the side entry 



This recarco ccnrs7C-di=i -ccircadons c: the V zizz'.t 
;ca: (13) and z: th; rubag hang;: (K). o: p-c^cr (51). 

i 

CASE 3 ("HLTF .AMD PL™ MODE 0? 
OPERATION) 

In heavy oil reservoirs, i: is advanagecus :o operate a: 
:o -wi- drrraoies a sequential "huff and pur ' steam injection, 
in ^hich one draaaoie is ucder injection while ae other ii 
under troduedcr.. For surface- generated steam, th: prcdu:- 
cion robing ray be repiaeed by an insulated rubag. A 
dowraole/aree-way retrievable valve o: the tyrx c:s^x- 
:s and eiauaed in U.S. Pa:. No. 3.052.-iS2 is recared in each 
iowe: cubing branch below ae inverad Y ripple jo a. This 
is dene (TIG. 3 and 3c) by adding a valve ruppie joia: (55) 
a each branch with lis conrol hydraulic lira (56), strapped 
on the outer surface of the asuiaied steam tubing (57). a its 
:o a*:ai fu!! opening pes: cio a. the valve conveys steam rrorc the 
tubing to the corresponding dn:r u oie. La its side opeia; 
position, the valve discharges the production srm ro~ 
ac cmaao;; 'incr :r.:o the casing anauius space. From there, 
the produced 3 ad ray be pumped :o the surface or zi>~ 
zs iirad. 

The same wcil completion rype is aiso applicable to 
reservoirs subjected :o "hudf and puff" injecdon of solve-; 
gases, such as C02, which are known ;o aiso reduce oii 
vi scarry, cue to a iesser decree than steam injection. In such 
-° cases, ardndai !irt of the produced fluids ray be unneces- 
sary. 

Lf the reservoir pressure and/or produced COR are sud- 
den: co bring the oil up to tie cck-orT poict of each 
drair hole, the pump is huag in the annuius casing/steam 

2j tubing, above the ccx-cif points. 

If, however, the heavy oil reservoir is aiso under- prei - 
sured. as. for instance in California's Midway Sucse; neJd. 
the pump ray be iocaied at the bottom of an oil sump zs a 

JQ Case 6 or it ray be i oca 'ad wvai- each dra;chole uaer as ir. 
Casc 7. The tubiig rorcpledon will be rodined accordicgiy, 
as w-ili be showT. ia:er. Tzz type of pump used a uha: case 
rust allow easy discocaecdoa froca its scat, whec the 
drairuhoie is swiahed from the pToducuon rode ;o the 

4 j iCj*eccon mode, rof this reason, jet purps. hydraulic pur ps 
and pro^essive caviry purps are prsierred in that case. 

For urder* pressured heavy oil reservoirs in wh;ch u*.e 
draichoie produce on dows through a syphon (Case 6), the 
tubing cotnpicdoQ asserably in which telescopic or arucu- 

5Q la:ed coraector c:bcj arc used to connect the steara azb'ag 
to the drairaoles, *ae packer ray be a three or four sring 
packer, dependicg upon the location of the inverted Y nippie 
joint wi-a respect to f ac pacjccr. With the Y nippie joir.t 
below Lhe packer, or.ly uhree s rings are connected :o f ae 

55 bo"om face of the packcrrae upper brar.ch of uhc Y. the 
production cubing es^nding into Lhe oil sump and the short 
scrag with i:s rerievabie plug. To increase the packer depth, 
and, correspondr.giy ant of the apex of the syphon, a: 
avcrad Y nippie join: is iocatcd above a four srag packer. 

w in which two o; ac srags are connected to the lower 
branches of the r.ver.ed Y, the third srag is connected to the 
production cubing extending into the oil sunp and the fourth 
string is the temporarily piugged-oSf purnp by-pass. Tex 
pToducnon cubing ray end just above the packer without 

55 reaching the sunacc u the production stream clows through 
the casag.^saar tubing anaulus. 

With s^ar gen era :ed downhole, together with permanent 
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gases (CH-. H2) using 'J* -C^"--- 

L" S ?at. No. :.052.iS2. i: is preteranii to mjsc. s— m 
id c2i« i-ough the side opening of the downzots — ss- 
w'-v valv; into one draichoie. while conveying tns prccu:- 
-ion stream from the other drainhole to the central produc- 
r; on r -r->- through the rdal full opening ot its dow~ole 
valve equi-mer.t and orocederes for drilling, grave: 
oacking.'c^tadon. tie-in of multiple drainholes and tor 
Ihe- ~oir« comolstion. oreviously dcscnoed. are also appli- 
cable "with some nW modifications which will be ch- 
eated later. . ., 

k w ; » b- aooai-n: to those skilled in the an ot oil well 
design *at"i:""is not possible to cover all ^ stetsons 
encountered ia all reservoirs, because ot their inrmite div..- 
sitv but that the equioment and procedures descr.oed serea 
l~!d themselves to a very large number of commnauons and 
cermutations. which are capable of addressing most situa- 
tions is which nuitiole horizontal dranholes may oe adyan- 
tazeousN used. Such combinations and permutations, wtucn 
are obvious to those skilled in the art. do not detract trom u-.e 
soirit of the present invention and are included m it. 
RE-ENTRY INTO AN EXISTING CASED WELL 
(WORK-OVER) 

The cost of drilling and cementing the vertical cased well 
■i a iar»s oortion of the total cost of a well prcser.tng tee -> 
'.eneral'eonfiBuraiioni described above. Re-entry into an 
existing cased well for drilling, gravel-packing, cementation 
a.nd liner tie-in of multiple drainholes is a cost-effecuve way 
Q of increasing oroductivity. 

If (he existing cased well already presents a suitaole 30 
£ deviation for the use of Case 3 procedures, the absence ot a 

pre-established window in the casing strmg may be :em- 
M edied by milling a side-track window using availaote tapered 

Li mills sided by the novel retrievable wbpstock lasted in a 

E driilablc whipstock packer set slightly above the ; deviaaon 3J 

* denth-TncDrocedures and equipment, other than 

U casing joint, are then the same as in Case 3. provided .lj t 

i . | i^own downhole orientation surveying methods are used .o 

«* remedy the absence of pre-detcrmined alignment keys or 

3 grooves in the casing. jo 

Q * [n -rost fields, however, the existing casing will be 

m essentially vertical, so Cases 1. 2. 4. 6. 7 and 3 will be more 



~i relevant. 



CASE la (TWIN WHIPSTOCK INSERT) 



-5 



« Th- orocedures of Case 1 may be used if a twin whipstock 

ft insert of diameter less than the drift diameter ot the exisang 

T* casing is run-in. hung in the casing and cemented at the 

selected depth above a plug permanently set in the casing. 
The oriented insert (FIG. 9). is held by a known pac.<cr/ 50 
" hanger (58) set hydraulically or by wireline tools. The 
hanger's slips are oreferabiy located in the tower part ot the 
insert below the drainholes so as to avoid any *^«=« 
with them. Hers again, .elliptical windows will be oJU in 
the existing casing using tapered mills guided by the twin 55 
whiostock (3). 

In another embodiment (FIG. 9a), the hanger slips are 
loca-d above the rwin whiostock. so that the casing may oe 
entirely milled over the depth interval of the windows, 
covered by the twin wbipstock (3). 

CASE la (TWIN DEVIATED HOLES THROUGH 
MILLED CASING INTERVAL) 

The plugged casing is milled over an interval [sufficient to 
drill the sidetracked starting holes ot Case 2 ^. 9c) 6, 
Startin« of the holes with a bent sub/downhole motor 
assembly may a g ain be facilitated by first under-reaming 
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-~ — FcHc^ing these preliminary zz<zn^.z-~i. thi 

work prrcteds ii in Case 2. using the same ; cut: meet, :oo : .i 
rvd z-occz^zi. it ~hil be ap rarer.: :o those siclied - tie ar. 
: -he use of coiled rubi:gs liters and ti-;tr subsequent 
5 it-siru mercanicu; sleety re equal: y irc;::^:- :o any 
other case. 



CASE 4j (STACKED 0 RAINH Ql ZS lS MILLED 
CASING) 

'J 

The easing casing is milicd out and the ho!; is ur.der- 
:-3uzcd :o a diameter or" about 50 in. over the depth intervals 
corresponding respectively to ^ci: drainhole star- A casing 
patch is ±cn run-in and fastened to tie casing by means c: 
is slips (59) above md below the low;: milicd-out 

interval. This cmbcxiiraent is shown or. FIG. 10. 

Tie casing patch presents close si-rulariies wiih 
special casing join: o: Case 4, except ±2: its outside 
diameter must be less than the drirt diameter of the existing 
•0 casing and that its cuter surrzei. opposite the plugged 
telescopic srub (39) is now covered by an external rjbbcr 
packer (60), which, when undated with cc.-r.cr: slurry 
entirely alls the reamed cavity. A suitable device including 
shearing iislcs also allows :o injecr the cemen: slurry in ±t 
li :wo ov;:;ap (61) annular spaces between casing and casing 
patch hangers (14) above and below tie cement-iuied biad- 
der. during the hydrauiically-corurolled extension of the srub 
m:o the slurry ilLizg the rubber bladder. A3 in Case 4, :he 
srub (39) is supported and guided during us extension by 2 
30 diced guiding cage (4 1) and a mobile inner guide (42) wiucb 
penetrans only hoi: way outside the casing. Added support 
and guidance is also provided by several cables (62) 
amiched to the rubber wait and p'jdled under hydrauiicaily- 
concroLled tension rrom a drillable drurn (63) through 
35 inclined holes (64) m -he casing pa:ch wall.* a: various 
1 oca ions around the cnachined edge or" *h: cliioticai window 
(1) through which the srub is extended. 

With the rubber bladder ruily iniiated and pressed agaics: 
-he reamed cavity wall (40). the taught cables provide 
40 additional guidance and support to the srub (39) in i:s fully 
extended position. The driilablc guides and the tail-end 
crilabie collar (35) of the smb are drliled-out a/ter the 
cemer.: has set. This restores the vern'cai cased well ;o 2 
diameter equal to that of the casing patch drift diameter. 
~ 5 A second casing patch is ron-in. oneoted. hung and 
cemented, with full extension of the second srub into the 
upper reamed interval, thus providing the star, tor the second 
drainhote. 

j0 Drilling, gravel sacking, liner hanging and cementing 
procedures for both drain holes are identical with those "of 
Case 4. The tubing completion assembly equipment and 
procedures arc also the same. 

Tee embedment 0: Case 4 in which tie-in of the drain- 

55 holes is by means of intermedial liners inserted and 
cemented in side-tracked holes drilled through elliptical 
windows by guiding the bit w-i-jj a retrievable whipstoci< se: 
in a driilablc whipstock packer may also be adapted. The 
absence of pre-established u-bdows plugged with nriiiabie 

20 czeial may be remedied Ln several ways. 

Tne drsc method calls for milling each elliptical window 
into the exisnng casing with a trpcred mill guided by a 
suitable retrievable whipstock. The whipstock required to 
mill the lowest window and to drill and complete the lowest 

55 drainhole is set and oriented in a packer, as in Case*2a Tne 
whipstocis used to mill the other windows nay then be 
stacked, each into the adiacenx lower whipstock and oriented 
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-hth rescue: :j i; by r.serrmg iz:o i: muihpi; - a 

way s:"~i3r thiiused :zr^t top whipster of Case 1. Tee 
order ir. which i^cxtz zolts zrc drilled :cmo:e:ed may 
=ither r^r. -lie 'cone-: _p or trom the :op do*- Li 12 
-~ v ~ procedure, me supporting packer is released ar.er 
completion 0: each hole b: draizhoie zed successively reset 
and re-oriented a: 2 dircrrnt depth for each of the ot-er 
coles or dramhoies. Again --he whips :ocxs art hand-ed by 
appropriate overshot lairhi=g tools, prrferably equipped 
end rruiiing curlers :o remove any pro cru ding chsmue- ; 

■lor.. 

The second method again uses a special casing patch, 
shown cz FIG. U, with an open eliipcicai window (63). Tee 
casing parch is se: ir. the casing by slips above and beiow an 
interval over which Lhe casing was milled oll The casing • 
patch includes a pre -oriented whipstocx packer pi) in its 
lower pan. I: say also be run-in w-iLi the retrievable 
whiostocJe (32) already in place. Aner serhrg the hanger 
slips (14), the drilling bit and drill string, guided by the 
whipsiock through the open ciiipeca: window, are used :o : - 
drill the side -racked hole and operations continue as in Case 
4. 

This is the pre; erred e embodiment for deep wells, because 
i: provides the largest diameter drainholes. for the ri aim urn 
casing diameter, provided Lha; cementation problems are not 15 
Lixeiy in the type of rcrrruuion existing a: the drainhoies 
idck-Ou pom Li. 



CASE 6c (FLOW THROUGH A SYPHON IN ^ 
EXISTING CASING) 

The existing casing, with its pert era ho as plugged of. 
co r. s c rules Lhe oil sump required as the downwards leg of the 
syphon (see FIG. 11). The produchon cubing must extend to 35 
Lhe bottom of the sumo, where the oumo is locaied. as in 
Case 6. 

Drilling, gravel pacicng. he -in and cemer.cing of the 
drainhoies may be obtained by any of the methods described 
in Cases In. In, and 4c. .10 

For instance, the cwhn whipstocjc used in Case !a includes 
a flow-through hole corrected to a tail pipe (66) equipped 
with a pump receiver nipple joint (67) a: Lhe bottom.' the 
upper face 0; the hole also serves :o receive one of the 
alignment pins (8) of Lhe retrievable top whipstodc This 
bole is also terminated by a poiished bare receptacle (10) in 
which the production tubing singer, equipped with chevron 
seals, will be stabbed orior to setting Lhe oacJccr, as in Case 
6. 

-Tne only difference is that a casing paxch is now used !0 
instead of a special casing join:. Hangers (14) are used 
instead of threaded connecuons. 

Tne tubing complexion assembly and its installation pro- 
cedures are idenu'ea! with those of Case 6. 5 . 

Using the drainhole drilling and tie-in method of Case 2c, 
the only modif canon required is the drilling of a vertical 
hole through Lhe cement and dri liable casing plug arjrr 
cemcntahon of the two intermediate liners, to oroide access 
into the oil sump through which Lhe produchoQ tubing will 50 
be inserted. Tne mbing completion assembly of Case 6 is 
simpiised because the tail pipe terrnina^d with its oump 
anchoring nipple joint is threaded directly into the bor^om 
face 0: Lhe dual snring packer. 

The drainhole Grilling and he-irt procedures of Case 4c 55 
remain unchanged, but the tubing completion assembly is 
Lhe same as in Case 6. 



